In this paper, we establish some sufficient conditions of the existence results for a Katugampola fractional differential equations. The proof relies on measure of noncompactness and the standard fixed point theorems namely, the Banach contraction principle and Mönch's fixed point theorem.
Introduction
In this paper, we consider the existence of solution of an initial value problem (for short IVP) with Katugampola fractional derivative, ρ D ω 0 + U(x) = H(x, U(x)); x > 0, x ∈ I := [0, T ], 1 < ω < 2, (1.1) with initial conditions
Where ρ D ω 0 + is the Katugampola fractional derivative in Caputo sense, R is a Banach space and H : I × R → R is a given function satisfying some assumptions that will be specified afterward. For the period of the last two decades, fractional calculus (FC) has gained a significant importance due to its applications in several different disciplines of applied and technical sciences. The mathematical modeling of many real world phenomena based on fractional order operators is observed as better and developed over ones depending only on integer order operators. Especially, FC has played an important role in the recent development of special functions and integral transforms, signal processing, control theory, bioengineering and biomedical sciences. For additional details and applications, see the monographs of Glockle et al. [10] , Hilfer et al. [11] , Kilbas et al. [15] , Lakshmikantham et al. [17] , Miller et al. [18] and Podlubny [20] . It has been noticed that most of the work on this topic is for Riemann-Liouville and Caputo-type fractional differential equations. Besides to these, there is another kind of fractional derivative in the literature that is due to Katugampola; it is known as the generalized fractional derivative. Details and properties of Katugampola fractional derivatives and integrals can be found in [9, 12, 13, 14, 19, 22] . Among the theory of measures of noncompactness, the two ones: the Kuratowski measure of noncompactness and the Hausdorff measure of noncompactness are considered the most important. For further details and applications, see [1, 2, 3, 4, 5, 6, 7, 8, 16, 21] and references therein. The main purpose here is to prove the existence of solution for the above problem using Mönch's fixed point theorem and its related Kuratowski measure of noncompactness.
Fundamental concepts
We recall some definitions and results which will be used in the sequel. Denote by C(I, R) the Banach space of continuous functions U : I → R, with the usual supremum norm
Let L ′ (I, R) be the Banach space of measurable functions U : I → R which are Bochner integrable, equipped with the norm
AC ′ (I, R) denotes the space of functions U : I → R, whose first derivatives are absolutely continuous. Moreover, for a given set W of functions W : I → R, let us denote by
Now let us recollect few basic facts of the concepts of Kurastowski measure of noncompactness.
Definition 2.1. ( [2, 4] ). Let R be a Banach space and Ω R the bounded subsets of R. The Kurastowski measure of noncompactness is the map r :
This measure of noncompactness satisfies some important properties ( [2, 4] ):
Therefore, for our initiative we will require the definition of Katugampola derivative of fractional order. 
if the integral exists.
Let ω > 0, then the fractional differential equation
The following theorems will take part in a main role in our analysis.
Theorem 2.1. [1, 21] . Let S be a bounded, closed and convex subset of a Banach space such that 0 ∈ S and let P be a continuous mapping of S into itself. If the implication
holds for every subset W of S, then P has a fixed point. 
Existence results
The present study involved that we define what we present by a solution of the given problem (1.1) -(1.2). 
if and only if U is a solution of the Katugampola fractional differential equations with the initial conditions
Proof. By Lemma 2.2, we reduce (3.6) -(3.7) to an equivalent integral equation
Hence we get ( 
Clearly, the fixed points of the operator P are solutions of the problem (1.1) -(1.2). Let
, (3.9) and consider
Clearly, the subset S ω 0 is closed, bounded and convex. We shall show that P satisfies the assumptions of Theorem 2.1. The proof of the theorem is given in several steps. Claim 1: P is continuous. Let {U n } be a sequence such that U n → U in C(I, R). Then for each x ∈ I,
Since H is of Carathéodory type, by the Lebesgue dominated convergence theorem, we have
Claim 2: P maps S ω 0 into itself. For each U ∈ S ω 0 by (A2) and (3.9), we have, for each x ∈ I,
is bounded and equicontinuous. By Claim 2, it is obvious that P (
, let x 1 , x 2 ∈ I, x 1 < x 2 and U ∈ S ω 0 . Then
Hence,
International Scientific Publications and Consulting Services As x 1 → x 2 , the right hand side of the above inequality tends to zero. Now, let W be a subset of S ω 0 such that W ⊂ conv(P(W) ∩ {0}). From Claim 3, the subset W is bounded and equicontinuous and therefore the function z → z(x) = r(W(x)) is continuous on I. Since the function x → U 0 + U 1 x ρ is continuous on I, the set
Using this fact, (A3), Lemma 2.3 and the properties of the measure r, we have, for each x ∈ I,
.
This gives that,
By (3.8) , it follows that ∥z∥ ∞ = 0, that is, z(x) = 0 for each x ∈ I, and then W(x) is relatively compact in R. In scrutiny of the Ascoli-Arzelà theorem, W is relatively compact in S ω 0 . Applying now Theorem 2.1, we conclude that P has a fixed point which is a solution of the problem (1.1)-(1.2).
An example
We consider the following problem of Katugampola , x ∈ I, U ∈ R, 0 , x = 0, U ∈ R.
Clearly, the function H is continuous. The assumption (A2) is satisfied with
x − 1 4 |sinx| |U|
where, q(x) = ( 9 √ π 16 )
x − 1 4 |sinx|
. Therefore, the condition (3.8) is satisfied with q * T ρω ρ ω Γ(ω + 1) < 1.
Hence, Theorem 3.1 implies that the problem (4.10) has at least one solution defined on I.
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